Background and Purpose-Although older people potentially have most to gain from prevention, they have been excluded from or underrepresented in many stroke incidence studies. We sought to determine the risk factors for stroke in older people. Methods-A 5-year follow-up study of a population-based cohort of 4440 subjects aged Ͼ65 years in northern England.
T he incidence of stroke rises markedly with age, with 75% occurring over the age of 65. Few studies have specifically addressed stroke risk factors in older people, although they potentially have the most to gain from prevention. [1] [2] [3] [4] [5] Intervention studies of stroke prevention, eg, cholesterol lowering and treatment of hypertension, have shown that older people benefit from risk factor modification. 6, 7 Indeed, as they have a higher absolute risk of stroke compared with younger people, they have more to gain in terms of absolute risk reduction. 8, 9 Given the aging population, there is a need for prospective population-based cohort studies to enable assessment of the predictive value of risk factors on subsequent stroke mortality and morbidity in older people. We report the relative contribution of risk factors for first-ever stroke in a population-based cohort of older people.
Subjects and Methods
We undertook a population-based survey of older people to determine the prevalence of atrial fibrillation (AF) in the United Kingdom. 10 A random age-and sex-stratified community sample of 4773 residents of southeast Northumberland, England, aged Ͼ65 was recruited from 27 contiguous general practices between 1995 and 1997. The study area covered both rural and urban areas and the population is 99% white. We reviewed the primary care records (paper and electronic) of 4440 of these patients to supplement data obtained from 3678 (77%) who attended an initial screening visit during which they completed a questionnaire about sociodemographic details, health and lifestyle, and health status. Blood pressure and a limb-lead ECG were recorded. Table 1 shows risk factor definitions and data sources.
Primary and secondary care records were flagged to enable notification of cases of first-ever stroke, transient ischemic attack (TIA), and deaths in the 5 years subsequent to recruitment. Medical records were reviewed to seek further information about these events. Details of TIA were obtained to ensure that symptoms had not persisted beyond 24 hours and hence were due to stroke. Stroke was defined according to World Health Organization (WHO) criteria. 11 Results of brain imaging and postmortem examinations were obtained. Stroke subtypes were recorded. At the end of the study period, all primary care notes were reviewed to ensure completeness of case ascertainment. When subjects had moved out of the area, a postal questionnaire was sent to their new general practitioner. The study was approved by Northumberland Ethics Committee and data stored in accordance with the UK Data Protection Act.
Statistical Analysis
The strength of the association between the various risk factors and time to first-ever stroke were assessed using Cox regression proce-dures. Initially each risk factor was included separately as an explanatory variable in a Cox proportional hazards model. In a second step, each risk factor was included in a model that also contained age and sex as covariates. A third step used stepwise modeling procedures to identify a set of risk factors such that each was significantly associated with risk of stroke even when estimates of hazard ratios were adjusted for all other risk factors included in the model. The first stage of this final step considered the various highly confounded indicators of heart disease separately to identify the one that best predicted risk of stroke by using both forward and backward elimination procedures. The final stage was to examine the relative importance of this variable alongside all the risk factors, again using both forward and backward elimination. A significance level of 5% was used as a guide as to whether a variable should be added to and retained in the model. Analysis was undertaken with SPSS (version 10) software.
Results
The cohort has been described elsewhere 10 ; 4440 had no stroke prior to entry. Eighty-nine patients had no follow-up data beyond baseline. Baseline and follow-up data were obtained from 4351 (98%) (the Figure) .
During the 5-year follow-up period, 329 of 4351 (7.6%) had a first-ever stroke: 179 of 329 (54%) were due to cerebral infarction; 27 (8%), primary intracerebral hemorrhage; 2 (1%), subarachnoid hemorrhage; and 121 (37%) did not have brain imaging. Seventy-seven (23%) had a total anterior circulation stroke; 107 (33%), partial anterior circulation stroke; 69 (21%), lacunar stroke; 51 (16%), posterior circulation stroke; and 25 (8%) were unclassifiable. The 30-day case fatality was 95 of 329 (29%).
The crude prevalence of risk factors and hazard ratios adjusted for age and sex are given in Table 2 . The following were associated with an increased risk of stroke: history of TIA (HR 2.18), atrial fibrillation (2.12), peripheral vascular 
Diabetes, myocardial infarction, and angina
When responsible clinician clearly believes that the patient had this diagnosis and it was not later revised or refuted.
GP record.
Ischemic heart disease A record of: ischemic heart disease, cardiac chest pain, or acute coronary insufficiency.
Peripheral vascular disease A record of: intermittent claudication, peripheral vascular disease, lower limb arterial surgery, or radiological intervention.
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Heart failure A record of: heart failure, congestive cardiac failure, left ventricular failure, pulmonary edema.
GP record. Office for National Statistics.
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disease (1.86), smoking (1.79), hypertension (1.68), heart failure (1.42), left ventricular hypertrophy (1.38), angina (1.34), ischemic heart disease (1.32), and male sex (1.28). Both age and blood pressure were associated with increased risk of stroke (an increase of 10 years in age and 10 mm Hg in blood pressure yield hazard ratios of 2.14 and 1.15, respectively). Those with poorer scores on the physical function and mental health subscales of the SF-36 were also at increased risk. Cardiovascular disease (CVD)-myocardial infarction (MI), angina, peripheral vascular disease (PVD), or heart failure-a variable used in the Framingham Study, had a HR of 1.57. 12 No statistically significant relationship was found between first-ever stroke and diabetes, alcohol, MI, body mass index (BMI), and deprivation score. Both forward and backward elimination procedures indicated that the most predictive of the cardiovascular indicators was CVD. Once this variable was included, none of the other cardiovascular variables were significant. The final stepwise selection of variables resulted in a final model that included age, atrial fibrillation, history of TIA, smoking, CVD, history of hypertension, and systolic blood pressure (Table 3) .
Discussion
Despite being predominantly a disease of older people, the majority of previous population-based cohort studies have excluded or underrepresented older people. [13] [14] [15] [16] [17] [18] [19] Studies of older people have been undertaken in the United States, [1] [2] [3] Australia, 4 and Finland 5 but we believe that this is the first population-based study to specifically address stroke risk factors for older people in the United Kingdom.
Our main effects model identified atrial fibrillation, history of hypertension, TIA, CVD, current smoking, systolic blood pressure, and increasing age as risk factors, confirming the importance of these "classic risk factors" in older people. Male sex, left ventricular hypertrophy (LVH), angina, ische- mic heart disease, PVD, heart failure, and global health status were significant on univariate analysis but did not form part of the main effects model. We did not confirm diabetes, alcohol, MI, BMI, or socioeconomic status as risk factors in older people.
In the United Kingdom, the Health Authority Register is a reliable method for identifying representative samples of older people. 20 Studies from Dubbo, Australia, and Turku, Finland also identified representative populations with high participation rates. 4, 5 The American Cardiovascular Health Study was a selected population, with only 57% of eligible subjects participating. 2 We specifically addressed risk factors for first-ever stroke while other studies have included both first-ever and recurrent events 4, 5 or TIA and first-ever stroke. 1 Ideally, suspected cases of stroke should be examined as soon as possible after the event to confirm the diagnosis. However, as the accuracy of the clinical diagnosis of stroke is reasonably good, 21 we used a notification system and expert notes review to identify and confirm cases. We did not contact study participants after the initial assessment and therefore could not identify cases who did not seek medical attention. Participants in the Framingham and Cardiovascular Health Studies attended regular study clinics, 1,2 and in addition to seeking data from hospital records and national death registers, the Dubbo study and the Turku study sent questionnaires to study participants. 4, 5 As with previous studies, our study has considered stroke as a single disease. The risk factors for different etiologies of stroke may differ in the strength and even direction of association, so ideally stroke type and subtype should be identified and analyzed separately. However, we were able to distinguish cerebral infarct from hemorrhage for 73% of strokes. Our initial study sought to determine the prevalence of atrial fibrillation; we did not take blood from participants so we lack measures of cholesterol or glucose.
The incidence of stroke doubles each decade over the age of 55 and it has been suggested that age is a proxy marker for duration of risk factor exposure. 8 Our results were similar to those of the Dubbo study, which reported a relative risk of 1.06 (95% CI, 1.04 to 1.09) per year increase in age, 10 and the Rochester study, which found a relative risk of 1.9 per 10 years. 3 Age-adjusted stroke incidence rates are 30% higher in men than in women 22 ; we have also found men to have an increased risk of stroke. Low socioeconomic status has been reported as a risk factor for stroke, 23 but using the Townsend Deprivation Score, 24 we did not find any relationship between socioeconomic status and stroke in older people. The British Regional Heart Study found no differences between social classes in stroke risk following adjustment for other risk factors. 13 There are problems with assigning socioeconomic status to people beyond retirement age, which may explain our findings.
Hypertension is the most important modifiable risk factor for stroke, and in our cohort a history of hypertension was an independent risk factor. The relative risk of stroke also increased by 1.15 (95% CI, 1.08 to 1.22) per 10-mm Hg rise in systolic blood pressure. The relative risk of stroke has previously been shown be 2.3 per 10-mm Hg rise in diastolic blood pressure. 25 The strength of association between blood pressure and stroke declines with increasing age 26 because of the increased prevalence of hypertension in older people, which may explain our findings. 8 LVH has previously been shown to be an important stroke risk factor even after adjustment for coexistent hypertension. 27 Despite using the same ECG criteria as the Framingham study, LVH was not an independent risk factor for stroke. Others have also not found an independent association. 4, 28 CVD (MI, angina, PVD, or heart failure) was an independent risk factor, with a relative risk of 1.55. This is similar to that found in subjects aged 55 to 84 in the Framingham study, where a relative risk of 1.68 was found for men and 1.54 for women. 29 As with the Turku study, TIA was an independent risk factor for stroke in older people. 5 The prevalence of atrial fibrillation rises markedly with age, affecting 4.7% of those age Ͼ65 years. 10 Our study confirms that atrial fibrillation is independently associated with an increased risk of stroke in older people. In the Framingham study, the relative risk for stroke for patients with atrial fibrillation rose markedly with age (RR 2.6 aged 60 to 69 years and RR 4.5 Ͼ80 years). 29 Anticoagulation significantly reduces the risk of stroke, and at the time of the screening visit, 23% of our study were taking warfarin 10 ; this may in part explain our lower relative risk. Neither the Dubbo nor Rochester study found an independent association with atrial fibrillation, perhaps due to the low prevalence of atrial fibrillation (2%) in Dubbo and the younger age group in Rochester. 3, 4 The Framingham study found obesity to be an independent risk factor for stroke. 30 As with other studies, we did not find that obesity measured by BMI was a risk factor for stroke in older people. 4 Previous studies have found that central obesity may be a more important risk factor than BMI. As prospective cohort studies have confirmed diabetes as a risk factor for stroke, 31 we were surprised that diabetes was not an independent risk factor in our cohort.
The relative risk for smoking and stroke was similar to that found in the Framingham study, which found a 2-fold increase. 29 A meta-analysis found 1.4 to 1.6 increase in relative risk for smokers. 32 Using alcohol as a dichotomous variable, we did not find alcohol consumption to be a risk factor for stroke. There was a large proportion of nondrinkers and very few heavy drinkers in our cohort, so a more detailed analysis was not feasible. It has been suggested that there is a J-shaped relationship between alcohol consumption and ischemic stroke and that high alcohol consumption is being associated with primary intracerebral hemorrhage. 33 The SF-36 was used to measure global health status, and both the physical and mental health subscales were associated with increased risk of stroke on univariate analysis but did not appear in the main-effects model. Physical activity has been shown to be associated with reduced risk of stroke. 34, 35 House et al reported an increased risk of stroke with life events, 36 and in the Dubbo study a higher depression score was also associated with increased risk. 4 Both physical and mental health subscores may be confounders as markers for other causes of ill health.
As the incidence of stroke rises markedly with age, given the aging population, stroke will be a major public health problem for the foreseeable future. 37 However, stroke is not an inevitable consequence of aging, so by identifying and modifying risk factors for stroke in people of all ages, there are opportunities to reduce the incidence and mortality of this devastating condition.
